The present study monitored 10-year-old 5sh and piscivorous birds from sites contaminated for many years. The data re6ected the results of actual, long-term environmental exposures. The results demonstrate that di4erent tissues of 5sh have quite di4er-ent concentrations of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/F). The concentration order of PCDD/F within 5sh is liver:egg:intestine > kidney:heart > gill: bladder > muscle > brain. The concentration order of PCDD/F within piscivorous birds was liver > egg:heart > muscle: stomach > brain. The results obtained also demonstrate that the accumulation patterns of piscivorous birds and 5sh are quite di4erent. The tissues of 5sh and piscivorous birds have di4erent capacities for bioaccumulation and biotransformation of PCDD/F; variable proportions of TEQs were also found throughout their bodies. In 5sh, toxic equivalency quotient (TEQ): PCDD/F ratios in various tissues ranged from 0.01 to 0.07, whereas in birds the ratios ranged from 0.07 to 0.43. If the concentrations are normalized with lipid content, the results vary less. The e4ect of di4erent lipid properties is obvious in the case of brain tissue, which is richer in phospholipids.
INTRODUCTION
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/F), especially the isomers with chlorines substituted in the 2, 3, 7, and 8 positions are thought to pose a risk to human health due to their high toxicity, carcinogenic potency, and potential e!ects on animal reproductive and immunological systems (Safe, 1990; USEPA, 1993; Vos et al., 1997 Vos et al., /1998 Boening, 1998) . It has been reported recently that PCDD/F exhibit endocrine disrupting potency (Mocarell et al., 1996; Safe, 1998) .
PCDD/F are ubiquitous pollutants in all environmental media. Many studies are underway to determine the e!ects of exposure to PCDD/F on human health (Somogyi, 1997 (Somogyi, /1998 Landi et al., 1998; Li et al., 1999) . Organisms may accumulate chemical substances either directly from the surrounding environment or from their diet. Distribution and transfer of PCDD/F in "sh and their top predators are very important for evaluating the bioaccumulation in organisms via the food chain (Geyer et al., 1990; Bonn, 1998) . Exposure assessments now routinely consider "sh ingestion as a potential route of human exposure to chemicals in the environment (Sherman et al., 1992; Fletcher and McKay, 1993; Abbott and Hinton, 1996) . Piscivorous birds are consumers of "sh, and bioaccumulation in birds emerged as an ecological concern more than 40 years ago when studies demonstrated that accumulation of pesticide residues in "sh had led to reporductive failure in piscivorous birds (Bysshe, 1982) .
Much attention has been paid in recent bioaccumulation research to the e!ects of interspecies variation in lipid content and biotransformation capacities (Sijm and Viluksela, 1982; Geyer et al., 1992) . Another important point is that PCDD/F concentrations in "sh, whole or as "llets, are of limited use on their own unless the lipid content of the "sh is also known since lipid contents of di!erent "sh species vary. Those species with a higher lipid content would also be expected to have a higher PCDD/F concentration. Bioconcentration factor (BCF) data revealed strong patterns with respect to lipid content in the tissues of "sh and birds. Normalizing to lipid content can eliminate some interspecies variation in BCF values, but it has also been reported that lipid content may not be as important a determinant of bioconcentration potential as previously thought (Barron, 1990) . In aquatic animals, biotransformation of a chemical substance assimilated from an animal's environment has the e!ect of increasing the substance's net elimination rate and thus decreasing the equilibrium level of the substance in the organism (Meylan et al., 1999) . Before 1962, the lake in the present study (Ya-Er Lake in China) was an oligotrophic lake. During 1962}1978, the lake was seriously polluted by the e%uents hexachlorocyclohexane (HCH), hexachlorobenzene (HCB), and pentachlorophenol (PCP) from a large chemical plant. In 1979, "ve conjoint ponds were built to treat the e%uents by self-oxidative puri"cation (Wu et al., 1997; Wu, 1999) . The water depth of the lake is 2}3 m and the pH of the water is 7.5}7.9. It is a suitable and ideal location in an interrelationship of highly graded and strati"ed polluted areas for the present study.
MATERIALS AND METHODS

Sampling and Chemical Analysis
Five "sh (common carp, 10 years old) and "ve piscivorous birds were taken from a heavily polluted lake (Ya-Er Lake) in China in September 1997. After mixing and homogenization, samples were freeze-dried and ground. The PCDD/F analysis was performed using the isotope dilution technique. About 2 g dried sample was weighed and spiked with C -labeled 2,3,7,8-substituted PCDD/F internal standards. Extraction was carried out by Soxhlet using 180 mL toluene for 24 h. The detection limit is 100 fg, and the determination limit is 0.01 ng/kg. The recovery of the method is 80}120%, and the deviation of concentration is $10%. Details including the validation and quality assurance of the method are described elsewhere (Wu et al., 1998; Henkelmann et al., 1996) . Quanti"cation and detection were performed on a high-resolution gas chromatograph (60-m Rtx 2330 polar capillary column, Restek) coupled with mass spectrometer in EI mode by tracing the M\, (M#2)\, or the most intensive ions of the isotope cluster (Finnigan MAT95s, Resolution"10000).
Measurement of Lipid Content
About 2 g sample was extracted in a Soxhlet apparatus with 200 ml acetone/dichloromethane (100 ml/100 ml) for 24 h. The extract was concentrated to about 2 ml, then dried with a stream of nitrogen. Lipid content was calculated after 253 ? n.d., not detected (determination limit(0.01 ng/kg).
FIG. 1.
PCDD/F concentrations in the di!erent tissues of piscivorous birds and "sh from a heavily polluted lake area in China. weighing the residues of the extract divided by the fresh weight of "sh sample. Table 1 lists the PCDD/F concentrations and toxic equivalency quotients (TEQs) in the di!erent tissues of "sh from Ya-Er Lake. Di!erent tissues have quite di!erent PCDD/F concentrations. The concentration order of PCDD/F within "sh is liver:egg:intestine'kidney: heart'gill:bladder'muscle'brain. The results of PCDD/F distribution within piscivorous birds are presented in Table 2 . The concentration order of PCDD/F within birds is liver'egg:heart'muscle:stomach'brain. Figure 1 illustrates how the accumulation patterns of birds and "sh di!er.
PCDD/F IN TISSUES OF FISH AND PISCIVOROUS BIRDS
RESULTS
Accumulation in animals can be highly variable, even in apparently similar individuals and the same tissues of a species from the same site. If the concentrations are normalized to lipid content, the results will demonstrate less variation (Table 3 ). The distribution of PCDD/F in tissues may be of considerable interest to consumers of food, especially when muscle tissue is compared with internal tissues (Fig. 1) . Figure 2 plots PCDD/F concentration versus lipid content and indicates signi"cant correlations among the di!erent tissues. Because tissues have di!erent capacities for 255 biotransformation, TEQ also varies throughout the body (Table 3) . In "sh the TEQ-to-PCDD/F concentration ratios in various tissues range from 0.01 to 0.07. Interestingly, in birds, the ratios range from 0.07 to 0.43.
DISCUSSION
Compared with "sh, piscivorous birds have a greater PCDD/F burden in their bodies. Fish accumulate more PCDD than PCDF, but birds preferentially accumulate more PCDF than PCDD. PCDD concentrations are higher in the brain in birds, whereas in the case of "sh, PCDD concentrations are higher in gill, liver, and spleen.
Fish tissue was enriched with less chlorinated congeners and congeners with chlorine substitutions in the 2,3,7, and 8 positions. A distinct homologue pro"le, dominated by OCDD, was observed in all "sh and bird tissues throughout the lake. The PCDD homologue pro"le was consistent at all sites, regardless of total PCDD/F concentration. In general, lipid-rich tissues preferentially accumulate PCDD/F because of their strongly hydrophobic nature (Mackay et al., 1992) . As do most organic contaminants, PCDD/F accumulate in certain tissues, with the highest proportions found in the liver. The disposition of PCDD/F in tissues is often in#uenced by lipid content and metabolic ability. Thus, the liver is expected to accumulate high levels of PCDD/F and exhibit high TEQs because liver is the tissue that usually is very rich in lipid. Birds have a higher hepatic lipid content than "sh. Therefore, birds can accumulate high levels of PCDD/F in liver.
The e!ect of di!erent lipid properties is obvious in the case of brain tissue, which is richer in phospholipids. A lipidbased presentation of the data may allow: (1) prediction of the partition between di!erent tissues, especially in "sh, and (2) successful con"rmation of this approach from the ecosystem for PCDD/F. Alternatively, the "sh gill may absorb higher concentrations of PCDD/F because of its larger surface area per gram of tissue and continued renewal of PCDD/F from water and suspension particles at its surface.
Biotransformation is one of the most important processes in higher organisms and the evaluation of metabolic capacity and disposition of PCDD/F must be included in any study of PCDD/F bioaccumulation in predators to accurately assess the fate and impact of PCDD/F to those foodweb nodes. Dietary uptake is likely to be more important than bioconcentration for PCDD/F. Accumulation of PCDD/F in animals can be highly variable, even in apparently similar individuals and in the same tissues of a species from the same site.
CONCLUSION
Dietary uptake is likely to be more important than bioconcentration for very hydrophobic chemicals. The signi"-cant correlations of PCDD/F concentrations with lipid content among the di!erent tissues make the relative accumulation potential and the equilibrium tissue concentration for PCDD/F in "sh and bird tissues predictable at a given concentration in water and tissue lipid content. The species di!erence in tissue distribution may be explained by the top predator function of the bird. The bird seems to eliminate substantial amounts of PCDD/F via eggs. Its tissues contain signi"cantly more toxic congeners than "sh which can be explained by the birds' enhanced metabolic capacity. In aquatic animals, biotransformation of a chemical substance assimilated from an animal's environment has the e!ect of increasing the substance's net elimination rate and thus decreasing the equilibrium level of the substance in the organism (Meylan et al., 1999) . Fish have the same complement of enzymes as do mammals, including those catalyzing phase I (oxidative, reductive, and hydrolytic) and phase II (conjugative) reactions, although activity is often lower than in birds (Spacie et al., 1983; De Wolf et al., 1992; De Bruijn et al., 1993; James, 1994) . The metabolic capacities of di!erent tissues are not identical, so the bioaccumulation patterns of PCDD/F in "sh and bird are also di!erent. Biotransformation is one of the most important processes in higher organisms and an evaluation of metabolic capacity and disposition of PCDD/F must be included in any study of PCDD/F bioaccumulation in predators to accurately assess fate and impact of PCDD/F to those foodweb nodes.
